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Abstract 
This paper examines the variation of the PEFs for DH networks in Estonia. The Estonian average DH PEF as well as for DH 
networks with different configurations are calculated based on principles described in EVS-EN 15316-4-5:2007. The initial data 
for calculation of Estonian DH PEF is from Statistics Estonia. The calculation results are analyzed and compared with the existing 
DH PEF. The conclusive part consists of the observed compliance of valid PEF value and its determination principles with the 
definition and nature of PEFs. The main discrepancies are highlighted and analyzed. The possibilities to minimize or avoid them 
are given. 
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1. Introduction 
According to the Directive 2010/31/EU of the European Parliament and of the Council of 19 May 2010 on the 
energy performance of buildings [1] (hereinafter EPBD recast), the Member States should draw up national plans for 
increasing the number of nearly zero-energy buildings. The nearly zero or very low amount of energy required should 
be mainly covered by energy from renewable sources, including energy from renewable sources produced on-site or 
nearby. The energy performance of a building shall be expressed in a transparent manner and include an energy 
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performance indicator and a numeric indicator of primary energy use, based on primary energy factors (hereinafter 
PEF) per energy carrier, which may be based on the national or regional annual weighted averages or a specific value 
for on-site production. The methodology for calculating the energy performance of buildings should take into account 
the European standards and shall be consistent with relevant Union legislation, including the Directive 2009/28/EC 
[2].  
Unfortunately, EPBD recast does not provide a strict definition of PEF and rigid adherence to the standard 
concerning how to calculate PEFs for different energy chains. This fact creates confusion in unanimous understanding 
of the PEFs nature.  
According to the Estonian regulation Requirements to issuance of energy performance certificates and to energy 
performance certificates [3], the energy carrier conversion factors (PEFs) are such factors that take into account the 
consumption of primary energy required for the generation of delivered energy and the environmental impact involved.  
For the first time the PEF values were published in the Estonian regulation in 2007, where PEF for district heating 
(hereinafter DH PEF) was 0.9 and valid so far [4]. At the same time, from 2007 until today a lot of significant changes 
in the Estonian district heating (hereinafter DH) networks have taken place. For example, (based on data obtained 
from the Estonian Power and Heat Association) from 2007 to 2014, a heat share produced from biofuels in DH more 
than doubled. Heat production in combined heat and power plants (hereinafter CHP) increased from 2007 to 2014 to 
1 800 GWh. If in 2007 the share of renewable fuels, used in boiler plants and CHP plants, was respectively 26% and 
6%, then in 2014 it already reached 34% and 50%. In spite of significant growth in share of renewable and local fuels 
used in DH and their effective use (CHP), those very positive changes did not reflect in DH PEF values. 
Looking at the current DH PEF value, used in Estonia, and the PEF definition, several mismatches can be found. 
Some of them are given below: 
x The DH PEF used in Estonia is fixed and valid for all DH networks. This solution does not take into account a 
combination of different fuels and technologies used for heat production in some specific DH networks. At the 
same time the primary energy consumption and environmental impacts in DH networks with renovated DH 
networks (low energy losses, heat load smoothing by heat storage systems), installed flue gas condenser, 
implemented cogeneration and high share of renewable fuels are lower.      
x Benefits from the use of waste heat are not taken into account. At the same time, the reuse of the waste heat emitted 
during industrial processes in DH will allow to save a fuel in quantity which is needed to produce the same amount 
of reused waste heat. 
The mismatches given above do not contribute to aiming of DH firms at use of the renewable energy and adoption 
of the energy efficient technical solutions. The experience of other countries in use of DH PEF shows that there are 
countries where: 
x Similar to Estonia, there is a single fixed DH PEF. Among such countries, e.g. Finland [5], Denmark [6] and 
Bulgaria [7]. 
x Differentiated DH PEF is used, according to the fuels used and /or energy production technologies applied. For 
example, Latvia [8], Czech Republic [9] and Hungary [10] 
x DH PEF is calculated for each DH network independently. For example, Poland [11], Germany [12] and Italy [13, 
14].   
In order to better understand practices of defining other DH PEFs (PEF calculation and differentiation) and evaluate 
topicality of the currently valid DH PEF value, the control calculations are carried out. 
In chapter 2, the author describes the methodology of the DH PEF calculation. Chapters 3 and 4 handle, first, the 
average Estonian DH PEF calculation, and DH PEF for different configuration heating. In chapter 5, the main 
discrepancies revealed in chapters 3 and 4 are highlighted and analysed; the basic assumptions and guidelines 
concerning the possibilities of minimizing or avoiding such discrepancies are given. 
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2. Method 
Currently, only one standardised methodology for evaluation of DH efficiency is available, where the evaluation 
criteria is PEF of the specific district network (the same methodology principles serve a basis for defining DH PEFs  
in Germany, Italy, Poland). The method is described in European Standard EVS-EN 15316-4-5:2007, which is a part 
of [15]. This standard is the part of a set of standards designed on the method for calculation of the system energy 
requirements and system efficiency. The scope of this specific part is to standardise the method of assessing/evaluating 
the energy performance of DH and cooling systems and to define system borders, required inputs, calculation method 
and resulting outputs. The method applies to DH and cooling systems and any other kind of combined production for 
space heating and/or cooling and/or domestic hot water purposes. 
According to the calculation method, the calculated DH PEF value of the specific period depends on the amount 
of heating consumed during the period in the DH network and fuel used for heat production, where the heat amount 
produced by each type of fuel is multiplied by the corresponding PEF. The method also takes into account the situation 
when heat for DH is produced in the cogeneration regime. Defining of DH PEF is done via the principal energy 
balance, following the principle of power bonus method [16]. The energy balance is described using the equation (1): 
 
௉݂ǡௗ௛ ൌ
ሺσ ௙ುǡಷǡ೔೔ ήாಷǡ೔ି௙ುǡ೐೗ήா೐೗ǡ೎೓೛ሻ
σ ொ೏೐೗ǡೕೕ
  (1) 
where 
௉݂ǡௗ௛ – DH PEF; 
௉݂ǡிǡ௜ – the PEF of the i-th fuel or final energy input; 
௉݂ǡ௘௟ – the PEF of the replaced electrical power produced in the cogeneration regime; 
σ ܳௗ௘௟ǡ௝௝  – is the sum of the heat energy consumption measured at the primary side of the building 
substations of the supplied buildings within the considered time period (usually one year); 
ܧ௘௟ǡ௖௛௣ – the cogenerated electricity as defined in Annex II of Directive 2004/08/EC [17] within the same 
considered time period; 
ܧிǡ௜ – the final energy consumption of the i-th fuel for the production of heat and power within 
the same considered time period. 
 
The above-mentioned calculation method is taken as a basis for defining primary energy factors in chapters 3 and 4. 
Notably, we should stress the following aspects of the used renewable fuel PEFs: 
x According to the practice of PEF use in other countries, the renewable fuels PEFs are generally smaller compared 
to 0.75 valid in Estonia (for example – solid biofuel PEFs in Germany, Italy, Czech Republic, Spain, France, Serbia, 
Slovenia are 0.0 -  0.3) [18].  
x As a rule, use of solid biofuels in Estonian DH networks is based on wood logs. Normally, for wood log production 
the waste is used, created in the course of the wood care (logging, bush-trimming). As local fuel mostly logs or 
processed solid fuels are used (wood briquettes and wood pellets). 
x Considering the opportunity to renew primary energy and resources, production of processed fuel requires 
additional energy (electricity and heat). So, primary energy required for production of a processed fuel unit and its 
environmental impact is bigger. 
x As a rule, using the energy resource of waste created as a result of logging and bush-trimming for systems based 
on the local logs, is not possible. Use of wood waste in district heat production has an especially positive impact 
on CO2 emissions (leaving logged waste in woods and its decay causes emission of the same CO2 amount as 
released whilst burning). 
Supporting on the above-mentioned aspects, we may conclude that the use of the primary energy, required for 
production of renewable solid fuels used in district, and their environmental impact is generally smaller compared to 
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local fuel (smaller PEF). In order to better understand the impact of renewable fuel PEFs on that of the DH, the control 
calculations are also made for renewable fuels with smaller PEFs.  
3. Estonian average DH PEF 
To perform calculations, it is necessary to find the values of components in equation (1). Data on heat and electricity 
produced in cogeneration regime and the fuel used in their production is taken from Statistics Estonia [19]. 
Calculations were made on the basis of data for 2014. Since classification of available statistical data is not completely 
compatible with the data required for the calculations, some generalisations were made. The choice and justification 
are given below. A detailed description is done for calculations with weighted factors valid in Estonia. The primary 
factors of fuel and electricity correspond to the values valid in Estonia (renewable fuels – 0.75, fossil fuels – 1.0 and 
electricity 2.0) [4]. 
 
The cogenerated electricity ( ࡱࢋ࢒ǡࢉࢎ࢖ ). The data is taken from Statistics Estonia database Table E034: 
COGENERATION PLANTS (see Table 1).  
       Table 1. The cogenerated electricity. 
2014 TJ GWh Share 
Produced electricity 4 460 1 239 0.26 
Produced heat 12 654 3 515 0.74 
Total 17 114 4 754 1 
 
Weighted average PEF for heat production DH PEF (σ ࢌࡼǡࡲǡ૚࢏ ). When finding PEF, we assume that DH average 
PEF is equal to average PEF of heat production. Data is taken from Statistics Estonia database Table FE024: ENERGY 
BALANCE SHEET, TERAJOULES, selection consumption for heat generation (see Table 2).  
         Table 2. Heat production weighted average PEF. 
Fuel, energy 
Consumption 
PEF 
Primary energy 
TJ GWh GWh 
Coal 71 20 1.0 20 
Coke - - 1.0 - 
Oil shale 3 665 1 018 1.0 1 018 
Milled peat 782 217 1.0 217 
Sod peat 205 57 1.0 57 
Peat briquette 24 7 1.0 7 
Wood 11 547 3 208 0.75 2 406 
Briquette and pellets 226 63 0.75 47 
Natural gas 12 023 3 340 1.0 3 340 
Liquefied gas 32 9 1.0 9 
Heavy fuel oil 9 3 1.0 3 
Shale oil (heavy fraction) 1 091 303 1.0 303 
Shale oil (light fraction) 785 218 1.0 218 
Light fuel oil and diesel 158 44 1.0 44 
Shale oil gas 3 876 1 077 1.0 1 077 
Biogas 136 38 0.75 28 
Other biomass 1 314 365 0.75 274 
Municipal waste 1 171 325 1.0 325 
Electricity 32 9 2.0 18 
Total  37 147 10 319  9 409 
Weighted average PEF 0.912  
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Fuel for DH heat production (ࡱࡲǡ૚). Data originates from Statistics Estonia database tables Table FE04: HEAT 
BALANCE SHEET and Table FE024: ENERGY BALANCE SHEET BY TYPE OF FUEL OR ENERGY, 
TERAJOULES.  
A presupposition of the calculations was that the weighted average efficiency factor of the equipment generating 
heating in district networks is equal to the average efficiency factor of heat production (see Table 3). The fuel amount 
necessary for district heat production is the average heat production efficiency factor ratio multiplied by the amount 
of the consumed heat and the network losses.  
Table 3. Fuel for DH heat production. 
 
 
 
 
 
 
 
 
Weighted average PEF for fuels used for electricity production in CHP plants (σ ࢌࡼǡࡲǡ૛࢏ ). The weighted factor 
originates from Statistics Estonia database table FE034: CAPACITY, PRODUCTION AND FUEL CONSUMPTION 
OF CHP PLANTS (see Table 4). 
       Table 4. Weighted average PEF for fuels used for electricity production in CHP plants. 
Fuel, energy 
Consumption 
PEF 
Primary energy 
TJ GWh GWh 
Consumption of shale oil gas 2 028 563 1.0 563 
Consumption of biogas and black liquor 1 544 429 0.8 322 
Consumption of municipal waste 1 455 404 1.0 404 
Consumption of coal 18 5 1.0 5 
Consumption of oil shale 5 010 1 392 1.0 1 392 
Consumption of peat 685 190 1.0 190 
Consumption of wood 8 787 2 441 0.8 1 831 
Consumption of shale oil 33 9 1.0 9 
Consumption of natural gas 905 251 1.0 251 
Total 20 465 5 685  4 967 
Weighted average PEF 0.87  
 
Fuel for electricity production in CHP plants.  (ࡱࡲǡ૛). Calculations are made using values given in Statistics 
Estonia database table FE034: CAPACITY, PRODUCTION AND FUEL CONSUMPTION OF CHP PLANTS (see 
Table 5). 
     Table 5. Fuel for electricity production in CHP plants. 
 TJ GWh Share 
Produced electricity 4 460 1 239 0.26 
Produced heat 12 654 3 515 0.74 
Fuel used in CHP plants (total) 20 465 5 685  
Fuel used in CHP plants for electricity production 5 334 1 482  
 
Heat production 8 913 GWh 
Fuel for heat production 10 319 GWh 
Heat production efficiency 86.4%  
    
DH and heat losses in DH networks 6 957 GWh 
DH heat production efficiency 86.4%  
Fuel for DH heat production 8 054 GWh 
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Inserting the above-mentioned values into the equation (1), we get 1.02 as the weighted average of DH PEF for the 
year 2014. Considering some positives changes which occurred in 2015 and the investments planned for 2016, aimed 
at raising the DH networks energy efficiency, broader use of renewable fuels and the increase of cogeneration share 
(the biggest impact is related to a launch of the new cogeneration energy plant working on renewable fuels in Tallinn 
in 2016) we may assume that the weighted average calculated DH PEF in 2016 will decrease and approach the value 
currently valid. 
The impact of the renewable fuel PEF values on the weighted Estonian average DH PEF is shown in Fig.1.  
 
 
Fig. 1. The impact of the renewable fuels primary energy factors on the weighted average DH PEF. 
In calculation of the Estonian weighted average DH PEF of current fuels and electricity PEF, calculated under  
Standard EVS-EN 15316-4-5:2007, is 1.0 (the basis is statistics of 2014), which is slightly higher than valid DH PEF 
(0.9) suggested on political reasons.  
There are all preconditions that DH PEF calculated under the current numbers of could be similar to the validated 
DH PEFs. That is favoured by the positive changes and trends of the share of consumption of renewable fuels 
cogeneration energy since the year of 2014. 
DH PEF is very sensitive for fuels PEF values. Taking PEF 0.2 of renewable fuels, the weighted Estonian average 
DH PEF is 0.7.  
The weighted Estonian average DH PEF would be equal to the current value if DH PEF of the renewable fuels 
used in calculations was 0.5.  
4. DH PEFs with a different DH configurations 
The control calculations in this chapter characterise the impact of DH configurations (fuels and equipment used) 
on DH PEFs. The bases for calculations are described in chapter 2. The calculations are made for the following 
alternatives: 
x Impact of used renewable fuels for DH on DH PEF (heat production only); 
x Impact of flue gas condenser production on DH PEF (heat production only); 
x Impact of electricity from cogeneration station working on renewable fuels on DH PEF (electricity and heat 
cogeneration, flue gas condenser installed). 
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Description of calculations in the breakdown of alternatives is given below. 
 
The impact of fuels use on DH PEFs. Fig. 2 shows a connection between a shares of fuels (renewable or fossil 
fuels) used for DH production and the DH PEFs. The calculations were made with two different PEFs of renewable 
fuels (one – currently valid 0.75 and the other – 0.2).  
 
 
Fig. 2. A connection between a share of fuels (renewable or fossil fuels) used for DH production and the DH PEF 
The calculations were made on the precondition that: 
x Yearly average incremental loss in DH network is 15%; 
x Annual average efficiency factor of heating plant on renewable fuels is 85%. The remaining heat is produced by 
plants on gas and/or oil; 
x Annual average efficiency factor of plant on gas and/or oil is 92%; 
x Fossil fuels PEF is 1 (current valid PEF); 
x Electricity PEF is 2 (current valid PEF). 
Impact of flue gas condenser on the DH PEF. Fig. 3 shows a connection between additional production of flue 
gas condenser installed in DH and DH PEF. The calculations were made with two different PEFs of renewable fuels 
(one – currently valid 0.75 and the other – 0.2). The calculations were made on the precondition that: 
x Yearly average incremental loss in DH network is 15%; 
x Annual average efficiency factor of heating plant on renewable fuels is 85%. The remaining heat is produced by 
plants on gas and/or oil; 
x Annual average efficiency factor of plant on gas and/or oil is 92%; 
x Fossil fuels PEF is 1 (current valid PEF); 
x Electricity PEF is 2 (current valid PEF). 
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Fig. 3. A connection between additional production of flue gas condenser installed in DH and DH PEF 
The impact of cogeneration on the weighted average. Fig. 4 shows connections between the electrical efficiency 
factor of a power plant working on renewable fuels in cogeneration regime and DH PEF. The calculations were made 
with two different PEFs of renewable fuels (one – currently valid 0.75 and the other – 0.20).  
 
 
Fig. 4. A connection between the electrical efficiency factor of a renewable-fuel cogeneration plant and DH PEF. 
Preconditions of calculations are the same as in the solution with flue gas condenser. Additionally, the use of flue 
gas condenser is given, whose average yearly output is 15% of the cogenerated production.  
Consolidated calculation results for different configuration networks are presented in table 6. 
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Table 6. Consolidated table of the DH PEFs control calculations. 
 
                DH PEF 
          Cogeneration plant efficiency Renewable fuels PEF 
Energy 
production 
equipment 
The share of  
renewable 
fuels in heat 
production 
Renewable-fuel 
boiler efficiency 
Peak load 
boiler 
efficiency 
Flue gas 
condenser 
capacity1 
Total Electrical Heat 0.2 0.8 
Boilers only 
0 85% 92% - - - - 1.28 1.28 
85% 85% 92% - - - - 0.43 1.07 
100% 85% 92% - - - - 0.28 1.04 
Boilers with 
flue gas 
condenser 
85% 85% 92% 5% - - - 0.42 1.04 
85% 85% 92% 15% - - - 0.40 0.96 
85% 85% 92% 35% - - - 0.37 0.85 
Base load by 
cogeneration 
plant 
85% - 92% 15% 85% 10% 75% 0.20 0.83 
85% - 92% 15% 85% 15% 70% 0.07 0.75 
85% - 92% 15% 85% 25% 60% 0.0 0.55 
1 -  % of renewable-fuel boiler capacity 
The calculation results with the current weighted factors indicate that:  
x Calculated DH PEF working on fossil fuels only is ~1.3. In case of the full-scale renewable fuels use is approx.1.0.  
x DH network where 85% heat is produced using solid renewable fuels and additional production of flue gas 
condenser makes 35% of plant production, the DH PEF is 0.85 (without flue gas condenser the DH PEF would 
have been approx. 1.1). 
x The DH PEFs significantly drops when cogeneration applies. E.g. in a heating network where 85% heat is produced 
in a heating plant on renewable fossils and flue gas condenser is installed (yearly production is 15% of the plant 
production), the DH PEF is 0.96. If a cogeneration station is installed instead of renewable fuels heating plant, with 
yearly electricity weighted average efficiencies 15% and 25% the DH PEFs would be accordingly 0.75 and 0.55. 
x All in all, we can see that in calculation of the current renewable and fossil fuels PEFs the calculated DH PEF 
values remain within a range ~1.3 – 0.55, depending on the heat production solution and a share of renewable fuels.  
Decreasing the renewable fuels PEF to 0.2, the calculated DH PEF become significantly lower: 
x The calculated DH PEF working on fossil fuels only is ~1.3. In case of the full-scale use of renewable fuels it is 
~0.3.  
x In DH network where 85% heat is produced on solid renewable fuels and additional production of flue gas 
condenser makes 35% of the heating plant output, the DH PEF is 0.37 (while without a flue gas condenser the PEF 
would have been approx. 0.43). 
x When cogeneration is applied, the DH PEF significantly drops. E.g. in a heating network where 85% heat is 
produced in a heating plant on renewable fossils and flue gas condenser is installed (annual production is 15% of 
the plant production), the DH PEF is 0.4. If a cogeneration plant is installed instead of heating plant, with the annual 
electrical efficiency over 17%, the DH PEF will reach zero. 
5. Discussion and conclusions 
It is worth mentioning, that at the moment the EU buildings are undergoing the active process of the energy 
efficiency standard renovation. As we know, standard prEN 15603:2015 will included a new, totally amended concept 
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of the energy systems classification, which is aimed at better division of the local („on-site“), neighbouring („nearby“) 
and distant („distant“) systems. According to the primary information, the DH will be handled as a nearby system. 
However, it not clear whether such classification brings about the specific rules for defining PEFs or any mandatory 
restrictions. 
Further conclusions, recommendations and discussion rely on the assumption that the standards being renewed 
shall not change the opportunities of the EU member states in regard to PEF choice (each member state makes a 
decision independently concerning defining DH PEF logics and values).  
It is known that defining DH PEF in other countries is performed similar to Estonia. There is a single fixed DH 
PEF. There are also other examples when the differentiated DH PEF is used according to the fuels used and /or applied 
energy production technologies. There are also such cases when DH PEF for each DH network is calculated 
independently.  
Control calculations in conformity with the principles of standard EN 15316-4-5:2007 show that fuels PEFs have 
a significant impact on defining DH PEFs. The Estonian renewable fuels PEF is relatively high (0.75). The experience 
of other countries (as an example solid biofuel PEFs in Germany, Italy, Czech Republic, Spain, France, Serbia, 
Slovenia) indicates that PEF of solid renewable fuels remains within a moderate range 0.0 - 0.3. Estonia might consider 
decreasing PEFs of renewable fuels. In regard to PEF of renewable fuels it is practical to separate processed (briquette, 
pellets) and unprocessed wood fuel (traditional wood logs, chips). 
The calculated Estonian average DH PEF for the current fuel and electricity PEFs is 1.0 (based on statistics 2014), 
which is a bit higher than the DH PEF (0.9) estimated due to political reasons. The weighted Estonian DH PEF would 
be equal to the currently valid value if the renewable fuels PEF used in the calculations was 0.5. Using 0.2 as the PEF 
of renewable fuels, would mean that the Estonian weighted average DH PEF might be 0.7. 
There are all preconditions for DH PEF calculated on the currently – in the year of 2016 – valid conditions could 
be similar to the established DH PEF. It is favoured by the positive changes and trends in the consumption of renewable 
fuels and increase of cogeneration share, beginning from 2014.  
In calculation of the valid renewable and fossils fuels PEFs, the calculated DH PEF values remain within a range 
~1.3 – 0.55, depending on renewable fuel share and the technological solution.  
In case of decrease of renewable fuels weighted average to 0.2, the calculated DH PEF values are much lower. In 
a district network where 85% heat is produced in a plant working on renewable fuels and where a flue gas condenser 
is installed (annual production 15% of the plant production), the DH PEF is 0.4 (for currently valid renewable fuels 
PEF the DH PEF would be 0.92). If cogeneration plant is installed instead of renewable fuels heating plant, then, for 
the annual electrical efficiency 17%, the DH PEF reaches zero (for currently valid PEF of renewable fuels the DH 
PEF would be 0.7). 
In order to conform the DH PEFs with the PEF definition, when the PEFs take into the account the use of primary 
energy required for the energy supplied as well as its environmental impact, it is justified either to calculate the PEFs 
or chose from the differentiated solution. We should divide and promote by assigning lower DH PEF factors to DH 
networks with smaller environmental impacts, i.e. district renovated DH networks (low energy losses, heat load 
smoothing by heat storage systems), installed flue gas condenser, implemented cogeneration and a high share of 
renewable fuels and utilized waste heat. 
Separation of the efficient DH networks with low environmental impacts would promote distant heating firms to 
move towards the use of renewable energy and the adoption of the energy efficient technical solutions. 
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